Abstract.
INTRODUCTION
Biological monitoring for exposure to volatile organic compounds is currently the subject of very intensive research [1] . Determination of catechol (1,2-benzenediol) and hydroquinone (1,4-benzenediol) in human urine received considerable attention due to its possible use in the biological monitoring of low-level benzene exposures [2] [3] [4] [5] . Because of the low concentration of these two benzene metabolites in human urine an extraction step is usually included in the sample preparation for analysis. However, both catechol and hydroquinone are poorly extracted with organic solvents most commonly employed in routine work (e.g. diethyl ether). In such cases the use of salting-out may greatly enhance the extraction efficiency of various organic compounds from aqueous solutions and thus improve the sensitivity and precision of their determination. There are some data previously published about the influence of different salts on the extraction of these two phenols by n-hexanol [6] and butanols [7] , and Jones et al. investigated various solvent/salt combinations [8] . In this paper we investigate the influence of ammonium, sodium, potassium, and magnesium chlorides and sulfates on the extraction efficiency of catechol and hydroquinone with diethyl and diisopropyl ether, which are among the most frequently used solvents for the extraction of various phenolic compounds. The choice of inorganic salts and organic solvents studied was aimed at direct practical application of the obtained results.
EXPERIMENTAL

Reagents
Stock solutions of catechol and hydroquinone (1 g dm -3 ) were prepared on a daily basis by dissolving the exactly weighted amount of substance in water. The pH value of these solutions was adjusted to approximately 2 by the addition of HCl. Saturated aqueous solutions of inorganic salts were prepared by directly dissolving salts in water and were kept at least 24 h (with occasional shaking) in contact with excess of salt before used. Catechol, hydroquinone, diethyl ether, and diisopropyl ether were purchased from Merck (Darmstadt, Germany), while inorganic salts used in this study were purchased from local suppliers. All the reagents used were of analytical grade purity and were used without further purification.
Procedure
The conventional shake-flask method was employed for the determination of distribution ratios of catechol and hydroquinone between organic and aqueous phase because it proved to be the most reliable method for such kind of determination [9] . Two cubic centimeters of stock solution were diluted with 18 cm 3 of water or saturated salt solution and extracted with ether in a separatory funnel by vigorous shaking for 1 h. After the phases were allowed to separate, the absorbance of aqueous phase was measured at 277 and 290 nm for catechol and hydroquinone, respectively. All the extractions were performed at two volume ratios of aqueous and organic phase; 1:1 and 2:1. Distribution ratio (D) of phenolic compounds was calculated according to the equation:
where A 0 is the absorbance of aqueous phase before extraction, A is the absorbance of aqueous phase after extraction, and V aq and V org are the volumes of aqueous and organic phase, respectively. All extractions were performed in triplicate and the relative error of D value determinations was calculated by using the following simple expression:
where D max and D min were maximum and minimum D values obtained for each etherphenolic compound-aqueous phase system, respectively. Extraction efficiency (E) was calculated according to the equation:
A SPECORD UV/VIS spectrophotometer (Carl Zeiss, Jena, Germany) was used for the absorbance measurements.
RESULTS AND DISCUSSION
The D values obtained for catechol and hydroquinone extraction with diethyl and diisopropyl ether in the presence of various salts are presented in Table 1 . Figure 1 shows extraction efficiencies for the phenol-salt-organic solvent systems investigated in this study. All the salts investigated in this study enhanced extraction efficiency of both catechol and hydroquinone from aqueous solutions with either diethyl or diisopropyl ether. The influence of salts on the extraction efficiency decreased in the following order: MgCl 2 ≈ MgSO 4 > (NH 4 ) 2 SO 4 ≈ NaCl > Na 2 SO 4 ≈ KCl > NH 4 Cl > K 2 SO 4 The greatest salting-out effect of magnesium chloride and sulfate is obviously related to the properties of Mg 2+ ion. Although Mg 2+ ion may form labile complexes with catechol in weakly alkaline aqueous solutions [10] , such possibility certainly did not have any significant influence in this study because the salting-out order of salts for catechol is very similar to that of hydroquinone which has no ability of complex formation with Mg 2+ ion. Figure 2 shows scatter diagram of logD values for catechol and hydroquinone extraction with diethyl and diisopropyl ether.
Approximately linear relationship of these logD values suggests that inorganic salts investigated in this study did not influence the mechanism of extraction. Thus it seems reasonable to ascribe the greatest salting-out effect of magnesium salts to the highest ionic potential of Mg 2+ ion. It is interesting to note that in the previous studies of saltingout effect in the extraction of catechol and hydroquinone [6] [7] [8] Extraction efficiency in the presence of magnesium salts in comparison to the extraction efficiencies from the salt-free aqueous solutions increased from 14%, in the case of catechol extraction with diethyl ether, up to about 90%, in the case of hydroquinone extraction with diisopropyl ether. The increase of extraction efficiency for magnesium salts was even greater than the increase observed with NaCl and Na 2 SO 4 which are the most common salting-out agents used during the sample preparation by either liquid-liquid extraction [3, 4] or solid phase microextraction [11] for the analysis of various phenolic compounds. This extraction efficiency increase in the case of hydroquinone extraction with diisopropyl ether went up to 30%.
In order to check whether the results of salts influence on the extraction of catechol and hydroquinone from aqueous solutions are applicable to the real samples we investigated the diisopropyl ether extraction of these compounds from spiked urine samples. Figure 3 shows UV spectra of diisopropyl ether extracts (V aq /V org = 1:1) of urine samples spiked with catechol (0.1 g dm -3 ) for NaCl saturated and salt-free samples.
According to the data obtained for the extraction from aqueous solutions an absorbance increase of 18.9% for NaCl saturated sample in comparison to salt-free sample was expected. Actually, we observed an absorbance increase of 20.3% for this system. For the extraction of catechol from KCl saturated urine sample the absorbance increase of 11.9% was observed (expected value -10.9%), and for the extraction of hydroquinone from NaCl saturated urine sample the absorbance increase of 68.5% was observed (expected value -72.2%) in comparison to salt-free sample. As can be seen, reasonably good agreement between the measured and calculated absorbance increase for the diisopropyl ether extracts of salt saturated urine samples in comparison to salt-free samples was obtained for a wide range of values (∼10% to ∼70%). We believe these results proved that the study of salting-out effect in aqueous solutions could be used as a good model system for a reliable choice of optimal conditions for the extraction of catechol and hydroquinone from real samples. Some preliminary results of this study have already been used for the optimization of catechol determination in human urine by electron spin resonance spectroscopy [12] .
CONCLUSIONS
Based on the results of this study we may recommend MgCl 2 or MgSO 4 as salting-out agents for the catechol and hydroquinone extraction instead of NaCl and Na 2 SO 4 which are commonly used during the sample preparation for the analysis of various phenolic compounds. We also demonstrated that the study of salting-out effect in aqueous solutions could be used for the reliable choice of optimal conditions for the extraction of catechol and hydroquinone from real samples.
